of altered Bell's phenomenon are suggested: attenuated (short and unsustained upward displacement of the eyeballs after forced closure of the eyelids), abolished (no upward displacement), and inverted (downward instead of upward displacement of the eyes). These oculomotor alterations were not directly related to the type of ALS at onset of the illness, nor with its duration. However they were correlated with the relative degree of the clinical bilateral pyramidal tract signs at the supraspinal level. The common involvement of the corticogeniculate tract in ALS could explain the unexpectedly high incidence of alteration of Bell's phenomenon found in this disease, but it is non-specific and similar lesions from different causes may also produce it.
Oculomotor abnormalities are not commonly observed in patients with amyotrophic lateral sclerosis (ALS) in contrast with the frequent pathological evidence of mild neuronal damage at the brainstem ocular motor nuclei (Mann and Yates, 1974) . Van Bogaert reviewed the subject critically in 1925, and more recently Bonduelle et al. (1970) described three cases of partial third nerve palsy and one patient with a combination of palsies of third and fourth cranial nerves from a series of 125 ALS cases. Abnormalities of conjugate-gaze have also been found occasionally in the form of restricted upward displacement with preservation of automatic reflex movements (Strumpell, 1894; Dereux, 1930; Hotz, 1956; Lapresle and Salisachs, 1976) . Only once have we found described the isolated impairment of Bell's phenomenon in two out of three patients with ALS (Alvarez, 1977) . A mild limitation of upward gaze was found in the two patients with opercular syndrome who also showed an abolished Bell's phenomenon. Bell's phenomenon was elicited without difficulty in all healthy control subjects.
The severity of involvement of upper (UM) and lower (LM) motor neurones at the bulbopontine and spinal levels is detailed in Table 2 . The severity of clinical damage for UM and LM at the bulbar level was significantly greater (2.3 and 1.36, respectively) in patients with impaired Bell's phenomenon when compared with those in whom it was preserved (0.5 and 0.46, respectively), the difference reaching statistical significance at the P<0.01 and P<0.05 levels ( Table 3 ). The same Electrophysiologically, the normal Bell's phenomenon consists in the activation of the orbiculares oculorum muscles after eyelid occlusion, with an immediate increase in basal activity of recti superiores (Bj6rk, 1954) . Soon after cessation of voluntary contraction, the overactivity of the latter disappears and the basal activity of the ocular muscles is recovered (Fig. 3) . The abolished Bell's phenomenon is represented in the EMG as an absence of the physiological reinforcement of rectus superior activity during eyelid occlusion (Fig. 4) . The attenuated type has either a small overactivity of rectus superior or, more frequently, a rapid decay before completion of forceful eyelid occlusion (Fig. 5) . Finally, the inverted Bell's phenomenon is represented electrically by a decrease in the basal activity of rectus superior at the time of voluntary activation of the orbicularis oculi muscle (Fig. 6 ).
Discussion
An unexpectedly high incidence of abnormal Bell's phenomenon was the most striking feature found (Bender, 1969; Cogan, 1970; Corin et al., 1972) , but rather suggests that it may become impaired in a highly selective manner. Some 10% of the normal healthy population may have no Bell's phenomenon (Bender, 1960 firming the range of abnormalities clinically observed in the Bell's phenomenon. For these purposes, the advantages of ocular EMG over the electro-oculogram are clear, since it was possible to obtain selective recordings from individual ocular muscles. For instance, the brief upward displacement of the eyeballs (which we define as attenuated Bell's phenomenon) was readily detected electromyographically as a rapid decay of the rectus superior muscle overactivity during voluntary contraction of orbicularis oculi, well before the eyelid occlusion was completed.
There was a clear correlation between abnormalities of Bell's phenomenon in any degree and the severity of involvement of the pyramidal tracts bilaterally at the supraspinal level. On the other hand, no correlation could be found with the type at onset of ALS in the individual patient, nor with the severity of lower motor neurone damage at the brainstem. Indeed, the preservation of oculocephalic reflexes in the vertical plane in our patients points against a peripheral mechanism, in spite of the occasional pathological evidence of mild abnormalities of the neurones of the oculomotor nuclei (Mann and Yates, 1974) .. In this regard, it is of interest that our two cases with opercular syndrome secondary to bilateral infarction of the motor cortex, had a central type of facial diplegia together with vertical gaze palsy and abolished Bell's phenomenon, a finding similar to the reports of Alajouanine and Thurel (1933) and Bruyn and Gathier (1969) . In one of these patients we observed identical EMG ocular findings to the ALS cases. This further suggests that, regardless of the aetiology, bilateral damage of the corticogeniculate tract is followed by impairment of Bell's phenomenon.
In addition to abnormal Bell's phenomenon of varying severity, three patients had an upward gaze palsy. In two of them a rather more com- (Cogan, 1970) , when reported in connection with ALS was always in cases associated with a severe degree of pseudobulbar palsy (Strumpell, 1894; Dereux, 1930; Hotz, 1956; Lapresle and Salisachs, 1976) .
Abnormalities of vertical eyes movements have been observed in different experimental and pathological conditions involving the cerebral cortex. Unilateral hemispheric lesions induced an ipsilateral deviation of the eyes bearing some transitory upward component (Cogan, 1970) . Longstanding unilateral lesions of the cerebral cortex do not impair elevation movements of the eyes, but during forced eyelid occlusion the eyes deviate in an oblique direction towards the hemiplegic side (Cogan, 1948; Troost et al., 1972) . Spiller (1905) (Bender, 1960) . Alajouanine and Thurel (1931) were probably the first to relate disturbed vertical gaze function to bilateral supraspinal pyramidal tract damage. Most of their observations were made on patients with pseudobulbar palsy of vascular origin and with postencephalitic Parkinsonism. They also noted vertical gaze palsy associated with preserved oculocephalic reflexes and absence of Bell's phenomenon. In their series, one case was suffering from ALS and had been reported previously by Dereux (1930) as an example of Parinaud's syndrome in ALS. Contrary to this statement, Alajouanine and Thurel (1931) attributed the pathogenesis of this case to involvement of the pyramidal tract bilaterally.
Experimental lesions in the pretectal and posterior commissure regions abolished both upward eye movements and Bell's phenomenon (Pasik et al., 1969) , but this occurrence was far from constant. On the other hand, isolated lesions of these same structures in man may not modify the Bell's phenomenon (Alajouanine and Thurel, 1931; Bender, 1960; Lessell, 1975) . This is unlikely to explain our findings in ALS as the pretectum and posterior commissure regions are not involved pathologically in this condition (Friedman and Freedman, 1950; Brownell et al., 1970; Castaigne et al., 1972; Bonduelle, 1975) .
Fibres originating from the oculomotor frontal cortex run through the anterior limb of the internal capsule in proximity to the genu, and in close relationship with supranuclear facial fibres (Sachsenweger, 1969; Cogan, 1970; Laget, 1976) . Fibres for upward gaze traverse the pretectum and posterior commissure (Pasik et al., 1969) , where they may connect (Szentagothai, 1950) 
